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Abstract 
 
This work focuses on equilibrium modeling of CO2 solubility in aqueous solutions of unloaded (as hydroxides) and loaded (as 
carbonates) hydroxides containing Li+, Na+ and K+ counter ions. Due to the ionic nature of the LiOH/NaOH/KOH-CO2-H2O  
solutions, the electrolyte-Non-Random-Two-Liquid (e-NRTL) model, described by Chen and Evans [1], is applied to correct the 
non-idealities in the liquid phase. The special feature of the equilibrium model employed in this work is the simultaneously 
regression of Vapor-Liquid Equilibrium (େ୓మ ,௧௢௧௔௟ሻ and apparent Henry’s law constant data selected from literature and ௧௢௧௔௟ 
data for LiOH measured in this work. This approach will give better prediction for the molecular CO2 activity coefficients and 
the liquid phase activities calculated by use of the resulting e-NRTL model will be consistent with the apparent Henry’s law 
constant. The equilibrium model developed in this work is based on and represented 112 data points for Li+ with 2.7 % total 
AARD, 432 selected data points for Na+ with total 7.2% AARD and 354 selected data points for K+ with total 9.9% AARD. The 
total pressure data over aqueous LiOH solutions were measured for a range of concentrations (0.25 – 8.5 wt. %) and temperatures 
(40 – 90 °C) using an ebulliometer.  
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1. Introduction 
The process of absorption of carbon dioxide (CO2) into aqueous alkaline solutions has gained great significance 
during the last decades due to a couple of reasons. Firstly, the reaction between carbon dioxide (CO2) and hydroxyl 
ions (OH-), resulting in the production of carbonate and bicarbonate, is of special interest because it occurs in all 
alkaline solutions. Secondly, carbonate solutions do not degrade and are environmentally friendly as compared to 
organic solvents used for carbon capture. 
The stripping column employed for absorbent regeneration is often modelled assuming infinite reaction rates. This 
implies diffusional control and is an asymptotic case where an equilibrium model can be used. An equilibrium 
model gives a reasonable representation of the system behavior and allows for estimating the energy required for 
regeneration. In order to correctly predict the pressure profile of the column and the composition of vapor and liquid 
phases, the equilibrium model must include corrections for non-idealities in both phases. The absorption column, 
usually represented by a rate based mass transfer model, also requires corrections for non-idealities in the liquid 
phase; accurate calculation of activities is needed for predictive models. Thus accurate values of the activities of 
involved species over a wide range of temperatures, pressures and concentrations are needed.  
The e-NRTL model provides a general framework with which experimental data of electrolyte systems can be 
satisfactorily represented with only binary parameters. It has been used successfully to model many important 
industrial electrolyte systems, among which are the hot carbonate CO2 removal system, the sour water stripper 
system, and flue gas desulfurization [[1]; [2]]. The e-NRTL is an excess Gibbs energy model and has a large number 
of parameters which need to be fitted using experimental data. For parameter fitting in the e-NRTL model, the 
particle swarm optimization (PSO) algorithm proposed by [3] and described by (Pinto et al., 2013) is employed. 
Since the e-NRTL is a local composition model, the interaction parameters estimated in this work are valid 
regardless of the composition of the solvent [4]. 
Nomenclature 
AARD                  Average Absolute Relative Deviation [-] 
CO2                                   Carbon dioxide 
ܪ௜௦௢௟௨௧௜௢௡   Apparent Henry’s law constant for solubility of component ݅ in a solution [kPa.m3/mol] 
ܪ௜௪௔௧௘௥                 Apparent Henry’s law constant for solubility of component ݅ in water [kPa.m3/mol] 
K+                                       Potassium cation 
Li+                                      Lithium cation 
ܰ                           Number of experimental points [-] 
N2O                                  Nitrogen dioxide 
Na+                                    Sodium cation 
OH-                                   Hydroxyl ion 
௜ܲ                          Partial pressure of component ݅ [kPa] 
݌௜௦௔௧                      Vapor pressure of component ݅[kPa] 
ܲǡ ௧ܲ௢௧௔௟                Total pressure [kPa] 
T                           Temperature [°C] 
ݔ௜, ݕ௜                     Liquid phase and vapor phase composition (mole fraction) of component ݅  respectively [-] 
߮௜, ߛ௜,                   Fugacity coefficient and activity coefficient of component ݅ respectively [-] 
߮௞, ߟ௞                  Experimental value and predicted value by model respectively 
ߖ௜ ,                        Poynting factor for pressure correction [-] 
2. Experimental data used  for modeling 
The equilibrium data including VLE (Vapor Liquid Equilibrium) and apparent Henry’s law constant for hydroxides 
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Table 1: Data used for Equilibrium Modeling of Hydroxides and Carbonates of Sodium (Na+), Kalium (K+) and Lithium (Li+) 
Data used in 
Regression 
 
Reference 
ࡼࡴ૛ࡻ, ࡼ࢚࢕࢚ࢇ࢒, ࡼ࡯ࡻ૛, 
ࡴࡺ૛ࡻ࢙࢕࢒࢛࢚࢏࢕࢔ሾܓ۾܉ሿ 
*Conc.  as 
NaOH / KOH / 
LiOH 
[wt. % ] 
*Loading 
[mol CO2/mol Na+] 
[mol CO2/mol K+] 
[mol CO2/mol Li+] 
Temp. 
[°C] 
No. of 
data 
points 
 Data collected for Na+ 
 Vapor pressure of water over NaOH  and Na2CO3 solutions, ࡼ࢚࢕࢚ࢇ࢒[kPa] 
All data were 
selected 
[5], [6] and [7] 0.587 – 190.65 4.8 – 37.5 0 20 – 105 169 
 Partial pressure of CO2 over CO2-Na2CO3-NaHCO3 equilibrium solutions, ࡼ࡯ࡻ૛ [kPa] 
All data [6], [8], [9], [10] 
and [11]  
0.031 – 108.9 0.02 – 9.8 0.55 – 0.98 20 –197 165 
Selected data [6], [8], [9] and  
[10]  
0.031 – 19.17 0.02 – 9.8 0.55 – 0.98 20 –80 116 
 Total pressure for CO2 solubility in NaOH solutions at high pressures,  ࡼ࢚࢕࢚ࢇ࢒[kPa] 
Not used in 
selected data 
[12] and [13] 12.7– 10163 3.69 – 3.84  0 – 2.11 20 – 160 102 
 Partial pressure of CO2 for CO2 solubility in *NaHCO3 solutions at high pressures,  ࡼ࡯ࡻ૛ [kPa] 
All data [14], [15] and 
[16] 
100 – 57600  0.2 – 4.2 1.04 – 10.21 5 – 130 148 
Selected data [15] and [16] 100 – 2035 0.2 – 4.2 1.04 – 10.21 5 – 60 85 
 **N2O solubility in terms of apparent Henry’s law constant, ࡴࡺ૛ࡻࡺࢇࡻࡴ[kPa.m3/mol] 
All data were 
selected 
[17] and [18] 4.29– 75.56 0.4 – 16.5 0 - 0.5 25 – 80 62 
All data for Na+ Total 0.031 – 57600 0.02 – 37.5 0 – 10.21 5 – 197 647 
Selected data for 
Na+ 
Total 0.031 – 2035 0.02 – 37.5 0 – 10.21 5 – 80 432 
 Data collected for K+ 
 Total  pressure over CO2-K2CO3-KHCO3 equilibrium solutions, ࡼ࢚࢕࢚ࢇ࢒[kPa] 
All data were 
selected 
[19] 267.2 – 9237 4.61 – 16.55 0.84 – 2.29 40 – 120 41 
All data were 
selected 
[20] 23.86 – 979.1 17.34 – 37.2 0.5 – 0.89 70 – 140 148 
 Partial pressure of CO2 over CO2-K2CO3-KHCO3 equilibrium solutions,  ࡼ࡯ࡻ૛ [kPa] 
All data [8] , [20], [21]  
and [22] 
0.03 – 2230 0.03 – 37.2 0.5 – 1.01 25 – 130 217 
Selected data [8] , selected 
data from [20]  
and [22] 
0.03 – 1465.4 0.03 – 26.93 0.5 – 1.01 25 – 130 122 
 **N2O solubility in terms of apparent Henry’s law constant, ࡴࡺ૛ࡻࡷࡻࡴ[kPa.m3/mol] 
All data were 
selected 
[17] and [18]  4.2– 39.65 0.5 – 26.93 0 - 0.5 25 – 80 43 
All data for K+ Total 0.03 – 9237  0.03 – 37.2 0 – 2.29 25 – 140 449 
Selected data for K+ Total 0.03 – 9237  0.03 – 37.2 0 – 2.29 25 – 140 354 
 Data collected for Li+ 
 Vapor pressure of water over LiOH solutions, ࡼࡴ૛ࡻ[kPa] 
 [23] and This 
study in Table 2 
0.58 – 462.4  0.25 – 10 0 0 –  150 43 
 Partial pressure of CO2 over CO2-Li2CO3-LiHCO3 equilibrium solutions, ࡼ࡯ࡻ૛ [kPa] 
 [8] 0.03 – 0.04  0.013–0.96 0.51 – 0.92 25 – 37 27 
 **N2O solubility in terms of apparent Henry’s law constant, ࡴࡺ૛ࡻࡸ࢏ࡻࡴ[kPa.m3/mol] 
 [24] 4.25 – 20.2  0.24 –4.66 0 25 – 80 42 
All and selected 
data for Li+ 
Total 0.03 – 462.4 0.013 – 10 0 – 0.92 0 –  150 112 
*The concentrations of Na2CO3 / K2CO3  / Li2CO3 solutions are recalculated as NaOH / KOH / LiOH solutions with 0.5 loading [mol CO2/mol Na+]/ [mol CO2/mol K+] / [mol CO2/mol 
Li+]. Those of NaHCO3 solutions are recalculated as NaOH solutions with 1 loading [mol CO2/mol Na
+].   
**The physical solubility for CO2 was calculated from N2O solubility data by using N2O analogy.  
 Shahla Gondal et al. /  Energy Procedia  86 ( 2016 )  282 – 293 285
 
and carbonates of the above mentioned cations were collected from literature. A wide-ranging selection of literature 
data; from the water vapor pressure over aqueous solutions, to N2O solubility in terms of apparent Henry’s law 
constant were used for modeling purposes. The state variables together with references to collected literature data 
are summarized and presented in Table 1.  
 
All collected data for carbonates were recalculated as loaded hydroxides by use of stoichiometry and material 
balances. The intrinsic values of loading [mol CO2/mol M
+] for hydroxides, carbonates and bicarbonates are 0.0, 0.5 
and 1.0 respectively. From the data of N2O solubility in the respective solutions, the values of physical solubility for 
CO2 were calculated by employing the N2O analogy and correlations given by [25] and [26].  
 
The only CO2-Li2CO3-LiHCO3  equilibrium data found in literature are from [8] as seen in Table 1. Since the 
available equilibrium data for lithium were very limited, a number of experiments were conducted to measure water 
vapor pressure over 0.25-8.5 wt. % solutions of LiOH using an ebulliometer. Specifications of experimental set-up 
and operational details for the ebulliometer can be found in [27] and [6]. Reagent grade lithium hydroxide in powder 
form as supplied by SIGMA-ALDRICH with > 98% purity was used for making aqueous solutions. All solutions 
were prepared by weight by dissolving lithium hydroxide in deionized water. The measured ebulliometric data are 
presented in Table 2.  
 
Table 2: Measured water vapor pressure over aqueous solutions of LiOH in Ebulliometer. 
Concentration  
[wt. %] 
Temperature          
[°C] 
Pressure   
[kPa] 
Concentration  
[wt. %] 
Temperature          
[°C] 
Pressure  
 [kPa] 
0.25 40.2 7.32 5 40.3 7.28 
0.25 50.1 12.17 5 50 11.09 
0.25 60 19.98 5 60 18.58 
0.25 70.1 31.08 5 70.2 29.29 
0.25 79.9 47.18 5 80.1 44.49 
2.5 40 7.30 5 90.1 66.29 
2.5 50 11.58 8.5 40.1 6.78 
2.5 59.9 19.09 8.5 50.2 10.48 
2.5 70.1 30.29 8.5 60.2 17.47 
2.5 79.9 45.79 8.5 70.1 27.78 
2.5 89.9 67.89 8.5 79.9 42.29 
- - - 8.5 89.9 62.99 
3. Thermodynamic Equilibrium Model 
The e-NRTL equilibrium model presented in [4] was used to model the LiOH/NaOH/KOH/-CO2-H2O electrolyte 
systems. The chemical reactions taking place during the absorption of CO2 are described as follows: 
ʹܪଶܱ ൌ ܪଷܱା ൅ ܱܪିሺͳሻ          
ʹܪଶܱ ൅ ܥܱଶ ൌ ܪଷܱା ൅ ܪܥܱଷି ሺʹሻ 
ܪଶܱ ൅ ܪܥܱଷି ൌ ܪଷܱା ൅ ܥܱଷୀሺ͵ሻ 
The phase equilibrium between vapor and liquid phase can be expressed by Eq. (4) [28]. 
ܲݕ௜߮௜ ൌ ߗ௜ݔ௜ߛ௜ߖ௜ሺͶሻ 
Here߮௜ is calculated using the Peng Robinson equation of state and ߛ௜ is calculated by the e-NRTL model. The 
function ߗ௜  depends on the component reference state and is defined in Eq. (5). For CO2, the infinite dilution 
reference state is used whereas water, hydroxides and carbonates are considered to be in the pure component 
reference state at system pressure and temperature.  
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ߗ௜ ൌ ቊ ݌௜
௦௔௧߮௜௦௔௧ǡ݌ݑݎ݁ܿ݋݉݌݋݊݁݊ݐݎ݂݁݁ݎ݁݊ܿ݁ݏݐܽݐ݁
ܪ௜௪௔௧௘௥ǡ݂݅݊݅݊݅ݐ݁݈݀݅ݑݐ݅݋݊ݎ݂݁݁ݎ݁݊ܿ݁ݏݐܽݐ݁ ሺͷሻ 
Here ߮௜௦௔௧ is the fugacity coefficient of component ݅calculated at saturation pressure of the component, and ܪ௜௪௔௧௘௥ 
is the Henry’s law constant at infinite dilution in water. Further computational details of the equilibrium model, 
correlation parameters for calculating ݌௜௦௔௧and ܪ௜௪௔௧௘௥   and the chemical equilibrium constants for the reaction 
equations (1-3) can be found in [4].  
The molecule-molecule non-randomness parameters, H2O-salt pairs non-randomness parameters and the CO2-salt 
pairs non-randomness parameters, were fixed and temperature dependent energy parameters were modelled as 
described by [29]. The parameters for the H2O-CO2 system were fixed as the Aspen Plus e-NRTL default values. 
The interaction parameters for Li+, Na+ and K+ cations were obtained by the regression of previously mentioned 
experimental data. All the e-NRTL parameters (both fixed and obtained by regression) are provided as Appendices 
A-E.  The interaction parameters obtained by regression are calculated without considering the solids formation so 
the use of these parameters is limited by the solubility of hydroxides and carbonates in water at a particular 
temperature and pressure. 
The objective function used for optimization was %AARD (Average Absolute Relative Deviation) given as: 
ܣܣܴܦሾΨሿ ൌ ͳܰ෍ͳͲͲ
ே
௜ୀ௞
ȁߟ௞ െ ߮௞ȁ
ȁ߮௞ȁ ሺ͸ሻ 
whereܰ is the number of experimental points, ߮௞ is an experimental value and ߟ௞ is the value as predicted by the 
model. The errors are reported separately for each property (total pressure, partial pressure of CO2 and apparent 
Henry’s law constant). 
4. Results 
Figure 1 gives parity plots for total pressure, ୘୭୲ୟ୪[kPa], over aqueous hydroxides and carbonates of Na+. Figure 1 
(a) shows that the total pressure data sets for CO2 solubility in NaOH solutions from [12] and [13] as presented by 
red points are under-predicted by the model resulting with a 21% AARD.  
 
 
 
 
 
 
 
Fig.1. Parity plot for total pressure, ୘୭୲ୟ୪[kPa], over aqueous hydroxides and carbonates of Na+ 
(a) All data (647 data points) regression with 21.14% AARD; (b) Selected data (432 data points) regression with 4.13% AARD 
 
(a) (b) 
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Figure 2 gives parity plots for   େ୓మ [kPa] over CO2-Na2CO3-NaHCO3 equilibrium solutions. Figure 2 (a) 
demonstrates that just like total pressure data, େ୓మ data also show high degree of deviations (29.53% AARD). The 
largest deviations were observed for data sets of  [14], and [11].  It has been reported also by [6] that the data from 
[11] show temperature dependent under-predictions. The above mentioned data sets are also shown by red points in 
Fig. 2 (a). When the total pressure data sets from [12] and [13] along with ʹ  data sets from [14], and [11] were 
eliminated and the rest of selected data for Na+ were once again regressed this resulted in a remarkable improvement 
in results. The modeling results for these selected data (432 data points) covering NaOH concentrations from 0.02-
37.5 wt.%, temperatures from 5-120°C, pressures from 0.03-2035 kPa and loadings from 0-10.28 mol CO2/mol Na
+ 
are illustrated by Fig.1 (b) and Fig.2 (b).  
 
 
 
 
 
 
 
 
Fig.2. Parity plot for partial pressure of CO2, େ୓మ [kPa] over CO2-Na2CO3-NaHCO3 equilibrium solutions 
(a) All data (647 data points) regression with 29.53% AARD; (b)  Selected data (432 data points) regression with 10.14% AARD 
                                                                                                                   
 
Fig.3. Parity plot for total pressure, ୘୭୲ୟ୪[kPa], over aqueous hydroxides and carbonates of K+. 
(a) All data (449 data points) regression with 7.92% AARD; (b) Selected data (354 data points) regression with 5.22% AARD 
 
Figure 3 gives parity plots for total pressure, ୘୭୲ୟ୪[kPa], over aqueous carbonates of K+. The parity plot presented 
in Fig.3(a) demonstrate that the data set from [19] show unexpected under-predictions at all pressures. The data 
from [20] are precisely predicted with slight under-predictions for data at the highest concentration (37.2 wt.%). 
Figure 4 illustrates the modeling results for partial pressure of CO2,େ୓మ  over CO2-K2CO3-KHCO3 equilibrium 
solutions. The parity plot presented by Fig.4(a) demonstrate that just like the େ୓మ data of Na+, the େ୓మ data of K+ 
also show high degree of deviations (23.58% AARD). It was observed that the data set from [21], as shown by red 
points in Fig.4(a),  showed large deviations mostly under- predictions and the data from [22] were mostly over-
predicted. The data set of  [20] is large  with a total of 148 measurements of  both ୲୭୲ୟ୪  (for all 148 data points) and 
େ୓మ (for 132 data points). The high concentration (37.2 wt. %) େ୓మ  data from [20] which go up to 140°C and the 
(a) (b) 
(a) (b) 
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high େ୓మ   data (5.42 – 2230 kPa) from [21] were eliminated to improve the results. Finally, 354 selected data 
points, as shown by Fig.4 (b), were regressed. Although the data from [22] in the second regression were still over-
predicted, these were kept to avoid a bias towards the data from (Tosh et al., 1959) at high temperatures (100 – 
120°C). It is important to mention that the selected େ୓మ  data from (Tosh et al., 1959) were then limited to 26.93 
wt.%  concentration and 130°C while all data of [22] were for 26.93 wt.% concentration and highest concentration 
of N2O solubility data from [17] are also 26.93 wt. %. Although the value of AARD after second regression is still 
very high (19.31 %) any attempt with other selections of data did not improve the results. As mentioned earlier, the 
second regression after removal of the above mentioned େ୓మ  data points reduced the under-predictions of ୲୭୲ୟ୪  
data from [19], and the over-predictions of Walker’s data [8] as illustrated by Fig.3(b)and Fig.4(b). The model based 
on the selected data covers KOH concentrations from 0.03-37.2 wt.%, temperatures from 25-140°C, pressures from 
0.03-9237 kPa and loadings from 0-2.3 mol CO2/mol K
+. 
                                                                                                                    
 
Fig.4. Parity plot for partial pressure of CO2, େ୓మሾሿǡ over CO2-K2CO3-KHCO3 equilibrium solutions. 
(a) All data (449 data points) regression with 23.58% AARD; (b) Selected data (354 data points) regression with 19.31% AARD 
                                                                              
 
 
 
 
 
 
 
Fig.5. Parity plot of apparent Henry’s law constant, େ୓మୱ୭୪୳୲୧୭୬[Pa.m3/mol] for hydroxides and carbonates.  
(a) Data (432 data points) for Na+ with 4.84% AARD; (b) Data (354 data points) for K+ with 3.89% AARD 
 
Figure 5 gives the modeling results for the apparent Henry’s law constant for hydroxides and carbonates of Na+ and 
K+. It is worth mentioning that the results the for apparent Henry’s law constant of Na+ cation, as shown by Fig.5(a), 
were almost same for both regressions (647 data points and 432 data points). Although the second regression 
resulted in a new set of interaction parameters, the results for apparent Henry’s law constant did not significantly 
change (4.77% and 4.84% AARD). Figure 5(b) gives the parity plot for apparent Henry’s law constant for 
hydroxides and carbonates of K+. As shown by the figure, the data are well predicted by the model with no 
systematic deviations. The first regression of K+ data predicted solubility data with 4.77% AARD. The second 
regression of 354 selected data points reduced the AARD to 3.89 %. The parity plots presented by Fig.5 show that 
the model precisely predicts experimental data from [17] and [18]. 
(a) (b) 
(a) (b) 
 Shahla Gondal et al. /  Energy Procedia  86 ( 2016 )  282 – 293 289
10
-1.5
10
-1.4
10
-1.5
10
-1.4
PCO
2
Exp.
 [kPa]
P
C
O
2
C
al
c
.
 
[k
P
a]
 
 
Walker et al., 1927
10
0
10
1
10
2
10
3
10
0
10
1
10
2
10
3
PTotal
Exp.
 [kPa]
P T
ot
a
l
Ca
lc
.
 
[kP
a]
 
 
This study
Aseyev,1999
 
Table 3: Statistics of Equilibrium Modeling 
 
 
 
 
 
 
 
 
 
 
Fig.6. Parity plot for total pressure, ୘୭୲ୟ୪ [kPa] over aqueous solution of LiOH with 1.76% AARD. 
 
 
 
 
 
 
 
Fig.7. Parity plot for partial pressure of CO2, େ୓మ [kPa] over CO2-Li2CO3-LiHCO3 equilibrium solutions with 5.75% AARD. 
The modeling results for Li+ cation are graphically illustrated as parity plots shown by Figures 6-8.  Fig.6 presents 
data for total pressure, ୘୭୲ୟ୪ [kPa] over aqueous solutions of LiOH. Since LiOH is nonvolatile, the total pressure 
over the aqueous solutions is just the vapor pressure of water. “This study” in Fig.6 represents LiOH data measured 
Cations Regressed Property Average Absolute Relative Deviation AARD [%]  
  All presented data Selected Data 
Li+ ுܲమை over aqueous solution[kPa] 1.76 - 
 ஼ܲைమ[kPa] 5.75 - 
 ܪேమை௦௢௟௨௧௜௢௡[kPa.m3/mol] 1.76 - 
Na+ ௧ܲ௢௧௔௟[kPa] 21.14 4.13 
 ஼ܲைమ[kPa] 29.53 10.14 
 ܪேమை௦௢௟௨௧௜௢௡[kPa.m3/mol] 4.77 4.84 
K+ ௧ܲ௢௧௔௟[kPa] 7.92 5.22 
 ஼ܲைమ[kPa] 23.58 19.31 
 ܪேమை௦௢௟௨௧௜௢௡[kPa.m3/mol] 4.77 3.89 
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by in-house ebulliometer. As shown by the parity plot and statistics in Table 3, the model precisely (1.76% AARD) 
represents the experimental results. Figure 7 illustrates modeling results for େ୓మ over CO2-Li2CO3-LiHCO3 
equilibrium solutions. The experimental data from [8] seem to be quite scattered but it was the only reference found 
in the literature for this system. In fact the େ୓మdata from (Walker et al., 1927)  for Li+ only cover very low 
concentrations (0.013–0.96 wt.% as LiOH). The employed e-NRTL model predicted these data with 5.75% AARD 
but one should consider the solubility limitations of the system and solid formation at higher concentrations when 
predicting େ୓మ with this model. 
 
 
 
 
 
 
 
 
 
 
Fig.8. Parity plot of apparent Henry’s law constant,  େ୓మୱ୭୪୳୲୧୭୬ [Pa.m3/mol] for LiOH with 1.76% AARD 
Figure 8 presents results for the apparent Henry’s law constant for CO2 solubility in aqueous solutions of LiOH. As 
previously mentioned, in Table 3 the original literature data from [18] were for N2O solubility and values for CO2 
were obtained by using the N2O analogy.  Fig. 8 demonstrates that data are well predicted (1.76% AARD) by the 
model. The statistics of the equilibrium modeling results are summarized in Table 3. 
5. Conclusions 
The employed equilibrium model, based on the e-NRTL framework to correct for liquid phase non-idealities, 
represents the wide-ranging equilibrium experimental data of unloaded and loaded LiOH/NaOH/KOH-CO2-H2O 
systems with less than 10% total AARD. The measured water vapor pressure data over LiOH solutions by in-house 
ebulliometer are represented by the model with less than 2% AARD. The included in-house apparent Henry’s law 
constant data from [17] and [18] show less than 5% AARD. The presented e-NRTL parameters are obtained by 
simultaneous regression of  େ୓మ  , ௧௢௧௔௟   and apparent Henry’s law constant data obtained from literature for 
unloaded and loaded aqueous hydroxides of Li+ (112 data points with 2.7 % total AARD), Na+ (432 data points with 
7.2% total AARD) and K+ (354 data points with 9.9% total AARD) counter ions. The liquid phase activities 
calculated by the given e-NRTL parameters in this work would be consistent with the apparent Henry’s law 
constants.  
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Appendix A: Constants used in Equilibrium Modeling 
ܔܖ൫۹܍ܙ൯ ൌ ۯ ൅ ۰܂ ൅ ۱ܔܖሺ܂ሻǢ ܐ܍ܚ܍܂ܑܛܑܖ۹  and *۹܍ܙ  is based on mole fractions Reference 
Reaction A B C  
૛ࡴ૛ࡻ ൌ ࡴ૜ࡻା ൅ࡻࡴି 132.899 -13445.9 -22.4773 (Edwards et al., 1978) 
૛ࡴ૛ࡻ൅ ࡯ࡻ૛ ൌ ࡴ૜ࡻା ൅ ࡴ࡯ࡻ૜ି  231.465 -12092.1 -36.7816 (Edwards et al., 1978) 
ࡴ૛ࡻ൅ࡴ࡯ࡻ૜ି ൌ ࡴ૜ࡻା ൅ ࡯ࡻ૜ୀ 216.049 -12431.7 -35.4819 (Edwards et al., 1978) 
ܔܖ൫۾۶૛۽ܛ܉ܜ ൯ ൌ ۯ ൅
۰
܂ ൅ ۱ܔܖሺ܂ሻ ൅ ۲܂
۳Ǣ ܐ܍ܚ܍۾۶૛۽ܛ܉ܜ ܑܛܑܖ۾܉܉ܖ܌܂ܑܛܑܖ۹ 
A B C D E  
73.649 -7258.2 -7.3037 4.1653E-06 2 (DIPPR, 2004) 
ܔܖ൫۶۱۽૛ஶ ൯ ൌ ۯ ൅
۰
܂ ൅
۱
܂૛ ൅
۲
܂૜ Ǣ ܐ܍ܚ܍۶۱۽૛
ஶ ܑܛܑܖۻ۾܉܉ܖ܌܂ܑܛܑܖ۹ 
A B×10-4 C×10-6 D×10-8  
-6.8346 1.2817 -3.7668 2.997 (Carroll, Slupsky, and Mather, 1991) 
ܔܖ൫۶ۼ૛۽ܟ܉ܜ܍ܚ൯ ൌ ۯ ൅ ۰܂൅
۱
܂ ൅ ۲ܔܖሺ܂ሻǢ ܐ܍ܚ܍۶ۼ૛۽
ܟ܉ܜ܍ܚܑܛܑܖۻ۾܉܉ܖ܌܂ܑܛܑܖ۹ 
A B C D  
492.0352 0.084942 -18560.2 -78.9292 (Jou et al., 1992) 
*Chemical Equilibrium constant  
Appendix B: The Aspen plus default values of e-NRTL parameters 
Molecular parameters:ࢇ࢓࢓, ࢈࢓࢓ 
ࢇࡴ૛ࡻǡ࡯ࡻ૛ 0 ࢈ࡴ૛ࡻǡ࡯ࡻ૛ 0 ࢇ࡯ࡻ૛ǡࡴ૛ࡻ 0 ࢈࡯ࡻ૛ǡࡴ૛ࡻ 0 
Molecule-Salt parameters: ࢇ࢓ǡࢉȀࢇ ,  ࢈࢓ǡࢉȀࢇ 
ࢇࡴ૛ࡻǡࡴ૜ࡻశȀࡻࡴష  8 ࢈ࡴ૛ࡻǡࡴ૜ࡻశȀࡻࡴష  0 
ࢇࡴ૛ࡻǡࡴ૜ࡻశȀࡴ࡯ࡻ૜ష 8 ࢈ࡴ૛ࡻǡࡴ૜ࡻశȀࡴ࡯ࡻ૜ష 0 
ࢇࡴ૛ࡻǡࡴ૜ࡻశȀ࡯ࡻ૜స 8 ࢈ࡴ૛ࡻǡࡴ૜ࡻశȀ࡯ࡻ૜స 0 
ࢇ࡯ࡻ૛ǡࡴ૜ࡻశȀࡻࡴష 15 ࢈࡯ࡻ૛ǡࡴ૜ࡻశȀࡻࡴష 0 
ࢇ࡯ࡻ૛ǡࡴ૜ࡻశȀࡴ࡯ࡻ૜ష 15 ࢈࡯ࡻ૛ǡࡴ૜ࡻశȀࡴ࡯ࡻ૜ష 0 
ࢇ࡯ࡻ૛ǡࡴ૜ࡻశȀ࡯ࡻ૜స 15 ࢈࡯ࡻ૛ǡࡴ૜ࡻశȀ࡯ࡻ૜స 0 
Salt-Molecule Parameters:ࢇࢉȀࢇǡ࢓ ,  ࢈ࢉȀࢇǡ࢓ 
ࢇࡴ૜ࡻశȀࡻࡴషǡࡴ૛ࡻ -4 ࢈ࡴ૜ࡻశȀࡻࡴషǡࡴ૛ࡻ 0 
ࢇࡴ૜ࡻశȀࡴ࡯ࡻ૜షǡࡴ૛ࡻ -4 ࢈ࡴ૜ࡻశȀࡴ࡯ࡻ૜షǡࡴ૛ࡻ 0 
ࢇࡴ૜ࡻశȀ࡯ࡻ૜సǡࡴ૛ࡻ -4 ࢈ࡴ૜ࡻశȀ࡯ࡻ૜సǡࡴ૛ࡻ 0 
ࢇࡴ૜ࡻశȀࡻࡴషǡ࡯ࡻ૛ 8 ࢈ࡴ૜ࡻశȀࡻࡴషǡ࡯ࡻ૛ 0 
ࢇࡴ૜ࡻశȀࡴ࡯ࡻ૜షǡ࡯ࡻ૛ 8 ࢈ࡴ૜ࡻశȀࡴ࡯ࡻ૜షǡ࡯ࡻ૛ 0 
ࢇࡴ૜ࡻశȀ࡯ࡻ૜సǡ࡯ࡻ૛  8 ࢈ࡴ૜ࡻశȀ࡯ࡻ૜సǡ࡯ࡻ૛ 0 
Appendix C: The e-NRTL parameters fitted for Sodium (Na+) 
Molecule-Salt parameters: ࢇ࢓ǡࢉȀࢇ ,  ࢈࢓ǡࢉȀࢇ 
 647 Data Points 432 Data Points  647 Data Points 432 Data Points 
ࢇࡴ૛ࡻǡࡺࢇశȀࡻࡴష  -7.6572 6.655389 ࢈ࡴ૛ࡻǡࡺࢇశȀࡻࡴష  2065.385 545.5335 
ࢇࡴ૛ࡻǡࡺࢇశȀࡴ࡯ࡻ૜ష  -3.5352 -3.53278 ࢈ࡴ૛ࡻǡࡺࢇశȀࡴ࡯ࡻ૜ష  2518.791 419.5853 
ࢇࡴ૛ࡻǡࡺࢇశȀ࡯ࡻ૜స  -3.64185 2.366763 ࢈ࡴ૛ࡻǡࡺࢇశȀ࡯ࡻ૜స  2395.688 498.7159 
ࢇ࡯ࡻ૛ǡࡺࢇశȀࡻࡴష  9.443121 6.665342 ࢈࡯ࡻ૛ǡࡺࢇశȀࡻࡴష  2690.724 22.53663 
ࢇ࡯ࡻ૛ǡࡺࢇశȀࡴ࡯ࡻ૜ష -2.58259 -2.55254 ࢈࡯ࡻ૛ǡࡺࢇశȀࡴ࡯ࡻ૜ష 1911.918 510.1364 
ࢇ࡯ࡻ૛ǡࡺࢇశȀ࡯ࡻ૜స 2.03805 6.016597 ࢈࡯ࡻ૛ǡࡺࢇశȀ࡯ࡻ૜స 3539.464 755.247 
Salt-Molecule Parameters:ࢇࢉȀࢇǡ࢓ ,  ࢈ࢉȀࢇǡ࢓ 
 647 Data Points 432 Data Points  647 Data points 432 Data Points 
ࢇࡺࢇశȀࡻࡴషǡࡴ૛ࡻ -5.38271 -4.16407 ࢈ࡺࢇశȀࡻࡴషǡࡴ૛ࡻ 732.3969 -122.359 
ࢇࡺࢇశȀࡴ࡯ࡻ૜షǡࡴ૛ࡻ -2.94716 0.725641 ࢈ࡺࢇశȀࡴ࡯ࡻ૜షǡࡴ૛ࡻ 371.4579 -373.116 
ࢇࡺࢇశȀ࡯ࡻ૜సǡࡴ૛ࡻ -3.86185 -3.90177 ࢈ࡺࢇశȀ࡯ࡻ૜సǡࡴ૛ࡻ 542.7671 385.0888 
ࢇࡺࢇశȀࡻࡴషǡ࡯ࡻ૛  12.84832 5.989087 ࢇࡺࢇశȀࡻࡴషǡ࡯ࡻ૛  -315.287 686.0397 
ࢇࡺࢇశȀࡴ࡯ࡻ૜షǡ࡯ࡻ૛ 9.077497 5.627886 ࢈ࡺࢇశȀࡴ࡯ࡻ૜షǡ࡯ࡻ૛ 2265.172 292.4735 
ࢇࡺࢇశȀ࡯ࡻ૜సǡ࡯ࡻ૛ 0.387777 5.79154 ࢈ࡺࢇశȀ࡯ࡻ૜సǡ࡯ࡻ૛ 2697.774 1106.092 
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Appendix D: The e-NRTL parameters fitted for Potassium (K+) 
Molecule-Salt parameters: ࢇ࢓ǡࢉȀࢇ ,  ࢈࢓ǡࢉȀࢇ 
 449 Data Points 354 Data Points  449 Data Points 354Data Points 
ࢇࡴ૛ࡻǡࡷశȀࡻࡴష  -17.9842 -1.44571 ࢈ࡴ૛ࡻǡࡷశȀࡻࡴష  1779.497 841.9181 
ࢇࡴ૛ࡻǡࡷశȀࡴ࡯ࡻ૜ష  -2.96434 4.339217 ࢈ࡴ૛ࡻǡࡷశȀࡴ࡯ࡻ૜ష  1232.806 430.9024 
ࢇࡴ૛ࡻǡࡷశȀ࡯ࡻ૜స 1.03815 -1.25672 ࢈ࡴ૛ࡻǡࡷశȀ࡯ࡻ૜స 268.5451 966.1091 
ࢇ࡯ࡻ૛ǡࡷశȀࡻࡴష 6.651735 1.71915 ࢈࡯ࡻ૛ǡࡷశȀࡻࡴష 1715.342 529.8648 
ࢇ࡯ࡻ૛ǡࡷశȀࡴ࡯ࡻ૜ష 16.90216 0.059197 ࢈࡯ࡻ૛ǡࡷశȀࡴ࡯ࡻ૜ష 2054.749 955.5748 
ࢇ࡯ࡻ૛ǡࡷశȀ࡯ࡻ૜స 18.18667 12.67634 ࢈࡯ࡻ૛ǡࡷశȀ࡯ࡻ૜స 1072.925 374.2093 
Salt-Molecule Parameters:ࢇࢉȀࢇǡ࢓ ,  ࢈ࢉȀࢇǡ࢓ 
 449 Data Points 354 Data Points  449 Data Points 354 Data Points 
ࢇࡷశȀࡻࡴషǡࡴ૛ࡻ -7.39922 -4.35449 ࢈ࡷశȀࡻࡴషǡࡴ૛ࡻ 1700.719 438.5983 
ࢇࡷశȀࡴ࡯ࡻ૜షǡࡴ૛ࡻ -4.15406 -5.13141 ࢈ࡷశȀࡴ࡯ࡻ૜షǡࡴ૛ࡻ 1647.146 784.3557 
ࢇࡷశȀ࡯ࡻ૜సǡࡴ૛ࡻ -0.65761 -2.7411 ࢈ࡷశȀ࡯ࡻ૜సǡࡴ૛ࡻ -407.615 261.5718 
ࢇࡷశȀࡻࡴషǡ࡯ࡻ૛ 16.05805 9,864742 ࢈ࡷశȀࡻࡴషǡ࡯ࡻ૛ -542.137 543.1051 
ࢇࡷశȀࡴ࡯ࡻ૜షǡ࡯ࡻ૛ -7.19268 10.20545 ࢈ࡷశȀࡴ࡯ࡻ૜షǡ࡯ࡻ૛ 1062.017 431.8589 
ࢇࡷశȀ࡯ࡻ૜సǡ࡯ࡻ૛ 2.126977 9.094869 ࢈ࡷశȀ࡯ࡻ૜సǡ࡯ࡻ૛ 342.7268 194.019 
Appendix E: The e-NRTL parameters fitted for Lithium (Li+) 
Molecule-Salt parameters: ࢇ࢓ǡࢉȀࢇ ,  ࢈࢓ǡࢉȀࢇ 
ࢇࡴ૛ࡻǡࡸ࢏శȀࡻࡴష  2.14928 ࢈ࡴ૛ࡻǡࡸ࢏శȀࡻࡴష  1920.406 
ࢇࡴ૛ࡻǡࡸ࢏శȀࡴ࡯ࡻ૜ష -20.1808 ࢈ࡴ૛ࡻǡࡸ࢏శȀࡴ࡯ࡻ૜ష 1748.275 
ࢇࡴ૛ࡻǡࡸ࢏శȀ࡯ࡻ૜స -6.2949 ࢈ࡴ૛ࡻǡࡸ࢏శȀ࡯ࡻ૜స 2400.22 
ࢇ࡯ࡻ૛ǡࡸ࢏శȀࡻࡴష  2.995099 ࢈࡯ࡻ૛ǡࡸ࢏శȀࡻࡴష 1129.918 
ࢇ࡯ࡻ૛ǡࡸ࢏శȀࡴ࡯ࡻ૜ష  -19.4339 ࢈࡯ࡻ૛ǡࡸ࢏శȀࡴ࡯ࡻ૜ష  159.7088 
ࢇ࡯ࡻ૛ǡࡸ࢏శȀ࡯ࡻ૜స  -27.0565 ࢈࡯ࡻ૛ǡࡸ࢏శȀ࡯ࡻ૜స  608.0572 
Salt-Molecule Parameters:ࢇࢉȀࢇǡ࢓ ,  ࢈ࢉȀࢇǡ࢓ 
ࢇࡸ࢏శȀࡻࡴషǡࡴ૛ࡻ -0.83449 ࢈ࡸ࢏శȀࡻࡴషǡࡴ૛ࡻ -1012.02 
ࢇࡸ࢏శȀࡴ࡯ࡻ૜షǡࡴ૛ࡻ -7.9533 ࢈ࡸ࢏శȀࡴ࡯ࡻ૜షǡࡴ૛ࡻ 802.3342 
ࢇࡸ࢏శȀ࡯ࡻ૜సǡࡴ૛ࡻ 19.75996 ࢈ࡸ࢏శȀ࡯ࡻ૜సǡࡴ૛ࡻ 140.7529 
ࢇࡸ࢏శȀࡻࡴషǡ࡯ࡻ૛ 21.59258 ࢈ࡸ࢏శȀࡻࡴషǡ࡯ࡻ૛ 1497.371 
ࢇࡸ࢏శȀࡴ࡯ࡻ૜షǡ࡯ࡻ૛ -27.7003 ࢈ࡸ࢏శȀࡴ࡯ࡻ૜షǡ࡯ࡻ૛ -648.956 
ࢇࡸ࢏శȀ࡯ࡻ૜సǡ࡯ࡻ૛  -10.8617 ࢈ࡸ࢏శȀ࡯ࡻ૜సǡ࡯ࡻ૛  -91.6727 
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